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Abstract: We report the magnetoresistance measurements of a highly oriented
La0.55Ho0.15Sr0.3MnOz film on LaAlO3 substrate. The film has a metal-insulator
transition around 200 K and shows pronounced thermomagnetic history effect in its
transport properties below 45 K at 7 Tesla. The irreversibility temperature shifts to
lower temperatures when the field is reduced. This behaviour is opposite to the
thermomagnetic history effect observed in the magnetisation. At 2.8 K one also
observes a significant hysteresis in the resistance versus field curve. We propose a
qualitative explanation for these observations.
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I. Introduction
There has been a recent surge of interest in colossal magnetoresistive (CMR)
hole doped rare-earth manganites of the form R1-xAxMnO3 ( R = rare-earth, A =
bivalent cation) due to the plethora of new and interesting behaviours observed in
these compounds. For x ≥ 0.2 the material shows a ferromagnetic transition with a
metal-insulator transition (MIT) and very large negative magnetoresistance
(MR~(ρ(0)-ρ(H))/ρ(0)) close to the ferromagnetic transition temperature Tc [1,2,3].
The basic underlying physics of these compound is described by the Zener double
exchange [4] mechanism by which an electron can hop between two neighbouring
Mn3+/Mn4+ ions via the intermediate O2- ion. Though this simple mechanism explains
many of the observed features in these compounds several other features remain
unexplained within the realm of this model. These systems therefore call for study in
greater detail before their properties are fully understood.
Substitution of other rare-earth at the La has revealed many interesting
properties of these materials. It has been observed that when the size of the rare-earth
is decreased the metal-insulator transition and ferromagnetic transition shift to lower
temperatures [ ]. At small enough size the system is driven into a spin glass state with
very large magnetoresistance below the spin glass transition temperature [ ]. This
phenomenon has been explained in terms of the competition between the
antiferromagnetic superexchange and the ferromagnetic double exchange interaction in
the material. It is thus interesting to probe the properties of this material in the epitaxial
thin film form.
 In this paper we report a new feature in thin films of the CMR manganite
La0.55Ho0.15Sr0.3MnOz, namely, an unusual magnetic history effect in field cooled (FC)
and zero field cooled (ZFC) resistance of the sample. In contrary to ones intuition the
irreversibility shifts to lower temperatures at lower values of field and is totally absent
at 1 kOe. We propose a qualitative explanation for these observations.
II.  Experimental Details
Thin films of La0.55Ho0.15Sr0.3MnOz were grown on LaAlO3 substrate from a
stoichiometric target by pulsed laser deposition in oxygen ambient. The substrate
temperature was kept at 7600C and the ambient oxygen pressure was kept at
400 mTorr. X-ray diffraction (XRD) θ-2θ showed very good orientation of the
rhombohedral unit cell with the (110) direction perpendicular to the film surface.
Figure 1 shows X-ray φ-scan of the (10-1) family of peaks carried out on a 4-circle
goniometer. The sharp peaks at 900 intervals show very good in-plane orientation of
the film. The FC and ZFC resistance and the magnetoresistance isotherms were
measured using conventional 4-probe technique employing a high field
superconducting magnet generating a field up to 8 Tesla. The field cooling and zero
field cooling were done by heating the sample to a temperature of 150 K.
III.  Results and Discussion
Figure 2(a) shows the resistance versus temperature (R-T) in zero field and at a
field of 7 Tesla. The resistance in zero field shows a MIT around 200 K (Tp) which
increases to 250 K in the presence of the field. However, it is the interesting to note
that the film shows a minimum in the resistance at low temperature. This minimum is
absent in La0.7Sr0.3MnO3 film (inset fig.2(d)). This minimum was observed in all our Ho
doped films and has been reported earlier [11]. Though the origin of this minimum in a
ferromagnetic sample is not clear it seems to be associated with the magnetic scattering
of Ho in the sample.  The maximum in the MR at 7 Tesla (also shown in the same
figure) occurs slightly below the metal-insulator transition temperature. The interesting
feature is that the MR does not drop very rapidly below the metal-insulator transition
and remains significant even at the lowest temperatures. This feature which is
interesting from the application point of view is not observed in epitaxial films of
La0.7Ca0.3MnO3 [12]. In the case of polycrystalline samples this behaviour comes from
spin polarised tunnelling at the grain boundaries [13,14], where this effect gives rise to
a sharp drop in resistance below the technical saturation field of the ferromagnet. Such
a drop is absent here. To understand the possible reason for this behaviour we have
compared the R-T curve of an epitaxial La0.7Ca0.3MnO3 film (fig. 2(d)) with the one of
La0.55Ho0.15Sr0.3MnO3. We observe that the La0.7Ca0.3MnO3 film has a much sharper
metal-insulator transition than the La0.55Ho0.15Sr0.3MnO3 film. It is thus likely that the
substitutional disorder arising due to the presence of three different ionic radii at the
rare-earth site broadens the ferromagnetic transition giving rise to large MR below the
metal-insulator transition. This will be discussed further when discussing the
thermomagnetic history effect. Figures 2(b) and 2(c) show the 4 quadrant the
resistance versus field (R-H) curve at 2.8 K and 4.5 K respectively. These
measurements were done after zero field cooling of the sample. The interesting point
to note is that there is a large hysteresis between the initial increasing field curve and
the decreasing field curve. Under subsequent field cycling the hysteresis greatly
decreases but does not totally vanish. However one cannot obtain the initial state of
the system. This shows that the initial state of the system is different from the state
obtained after field cycling. The hysteresis of R-H curve persists up to 25 K (inset of
figure 2 (b)).
Figure 3(a)-(e) shows the resistance versus temperature under FC and ZFC in
various cooling fields. At 8 Tesla (fig. 3(e)) FC and ZFC curve bifurcates at around 55
K. At 0.1 Tesla there is no observable difference between FC and ZFC resistance. This
unusual behaviour excludes the possibility of a spin glass like freezing or domain wall
pinning playing a role in the transport since in both these cases the irreversibility is
known to increase in lower fields. FC and ZFC resistance measurements were done at
various other intermediate fields. Figure 3(f) shows the variation of the irreversibility
temperature (Tirr, defined as the temperature where the difference between FC and
ZFC resistance starts) at different fields. The irreversibility temperature decreases
slowly below 8 Tesla up to 3 Tesla but then drops off rapidly. It is thus clear from
these data that the irreversibility in FC and ZFC magnetisation in these materials is not
of the same origin as that conventionally attributed to the irreversibility in the
magnetisation.
In figure 3(g) we show the R-T curve for the sample cooled in different field.
The sample was cooled in field to the lowest temperatures and the field was switched
off. The data was taken while warming up in zero field. The resistance value is lower
at low temperatures when the sample is cooled at higher fields again showing the
thermomagnetic history dependence of resistance in this material. The minimum shifts
to lower values of temperature when the sample is cooled in higher field showing that
the resistance has a relaxation when the field is switched off.
In order to understand the above mentioned phenomenon one has to imagine
the La0.55Ho0.15Sr0.3MnOz film to have some magnetic inhomogeneity. One possibility is
that conducting ferromagnetic regions are separated by frozen in regions with very
small volume fraction. One supportive evidence for this is the very small hysteresis in
magnetisation one observes in these samples particularly at high fields. Under the
application of a magnetic field the spins in these frozen in regions will tend to align
parallel to the magnetic field giving a drop in the resistance. This is likely to be the
origin of the large MR observed at temperatures much below the metal-insulator
transition. A similar situation is believed to exist in Nd0.7Sr0.3MnOz thin films [15]. It
should be noted here that the field cooling and zero field cooling in these samples were
done from 150 K and not above Tp. It might thus be possible that at low fields the
frozen in configuration remains unaffected by the application of field. It is only at high
fields that one obtains a significant difference between FC and ZFC resistance.
In summary, we report in this paper an unusual property of
La0.55Ho0.15Sr0.3MnO3 epitaxial thin film, namely, the difference between the field
cooled and zero field cooled resistance. The strong irreversibility in the resistance at
high fields indicates that the irreversibility mechanism in the electronic transport is
different from the conventional mechanism in magnetisation. We have proposed a
possible explanation for these observations which, however, have to be confirmed
through further experiments.
References
1.  R. von Helmolt et al., Phys. Rev. Lett. 71, 2331 (1993)
2.  R. Mahesh et al., J. Solid State Chem. 114, 297 (1995)
3.  J. Fontcuberta, B. Martinez, A. Seffar, S. Pinol, J. L. Garcia-Munoz and X.
Obradors, Phys. Rev. Lett. 76, 1122 (1996)
4.  C. Zener, Phys. Rev. 82, 403 (1951)
5.  A. Maignan, Ch. Simon, V. Caignaert and B. Raveau, Z. Phys. B 99, 305 (1996)
6.  H. Y. Hwang, S. W. Cheong, P. G. Radaelli, M. Marezio and B. Batlogg, Phys.
Rev. Lett. 75, 914 (1995)
7.  J. M. De Teresa, M. R Ibarra, J. Garcia, J. Blasco, C. Ritter, P. A. Agrabel, C.
Marquina and A. del Moral, Phys. Rev. Lett. 76, 3392 (1996)
8.  A. Maignan, U. V. Varadaraju, F. Millange, and B. Raveau, J. Magn. Magn. Mater.
168, L237 (1997)
9.  A. Sundaresan, A. Maignan, and B. Raveau, Phys. Rev. B 55, 5596 (1997)
10.  P. Raychaudhuri, T. K. Nath, P. Sinha, C. Mitra, A. K. Nigam, S. K. Dhar and R.
Pinto, J. Phys.: Condens. Matter 9, 10919 (1997); C. Mitra, P. Raychaudhuri, S. K.
Dhar, A. K. Nigam, R. Pinto and S. M. Pattalwar, J. Magn. Magn. Mater 192, 130
(1999)
11.  N. Sharma, A. K. Nigam, R. Pinto, N. Venkataramani, Shiva Prasad, Girish
Chandra, S. P. Pai, J. Magn. Magn. Mater. 166, 65 (1997)
12.  K. Li, J. Appl. Phys. 84, 1467 (1998)
13.  H. Y. Hwang, Phys. Rev. Lett. 77, 2041 (1996)
14.  P. Raychaudhuri et al., J. Appl. Phys. 84, 2048 (1998)
15.  G. C. Xiong et al., Appl. Phys. Lett. 67, 3031 (1995)
Figure Captions
Figure 1. φ−scan of the (1 0 -1) family of peaks showing very good in plane orientation
of the film.
Figure 2. (a) Resistance versus temperature in zero field and at 7 Tesla. The solid line
shows the MR as a function of temperature. (b) Resistance versus field (R-H) at 2.8 K.
(c) R-H at 4.5 K; the inset  shows R-H at 25 K. (d) Resistance versus temperature for
La0.7Ca0.3MnO3; the inset shows the low resistance versus temperature for
La0.7Sr0.3MnO3 at low temperature.
Figure 3. (a)-(e) Field cooled and zero field cooled resistance as a function of
temperature for different cooling field; (f) Tirr  as a function of cooling field; (g)
resistance versus temperature taken while warming in zero field after cooling the
sample in various fields.
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